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Abstract — This paper deals with a procedure for preconcentration and determination of indigo carmine in textile industrial 
effluent. The product of Indigo blue sulphonation, 5,5'-disulfonic indigotin (5,5 '-DI) aqueous solution was run through a 
mini-column packed with green coconut fiber (Cocos Nucifera L.) in a flow injection system. The 5,5 '-DI was 
preconcentrated on the sorbent at pH 2 and sample flow rate 3.9 mL min 1 and eluted by HCl 0.1 mol L 1 to be detected by 
UV-vis spectrophotometry at 612 nm. An increase of 18.7% in the indigo recovery was observed with fiber washed with 
albumin and 11.7% in fiber washed with NaOH. A linear response was observed within the range 0.157 to 75.2 pmol L 1 , 
with detection limit, coefficient of variation and sampling rate estimated as 0.0376 pmol L' 1 (95% confidence level), 4.5% (n 
= 21) and 101 determinations per hour, respectively. The enrichment factor achieved was 1.64. The proposed method was 
successfully applied to the determination of 5,5'-disulfonic indigotin in textile industrial effluents. 
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I. INTRODUCTION 

The textile industry has a large environmental impact because it generates a significant volume of wastewater, which 
sometimes is discharged without treatment!!]. Some dyes and organic compounds from these industrial effluents are highly 
toxic and chemically stable[2,3]. Disodium salt of Indigotin 5,5'-disulphonic acid, FD & C Blue 2 or Acid Blue W (IUPAC 
name 3,3-dioxo-2,2-bis-indolyden-5,5-disulfonic acid disodium salt) is popularly known as indigo carmine. It is considered 
as a highly toxic indigoid class of dye[4]. Apart from its use as a textile-coloring agent and additive in pharmaceutical tablets 
and capsules, indigo carmine is also used for medical diagnosis[5]. Several methods have been reported for quantitative 
determination of Indigo carmine, including chromatographic [6], voltammetric[7] and spectrophotometric[8,9] ones. New 
treatment technologies have been developed in order to meet the legal requirements regarding effluent disposal of this dye as 
well as to reduce the operating costs of such processes [10]. Coconut fiber ( Cocos Nucifera L.) has been used as a low cost 
alternative bioadsorbent for the removal of pollutants (dyes and other natural and inorganic substances) from natural 
waters[ll-13]. Also, the retention capacity of several metallic ions in aqueous solutions has been previously reported using 
coconut fiber as the adsorbent [14-17]. This is a sustainable alternative because of waste reuse. Approximately 60 million 
tons of coconut were produced worldwide in 2008: 85% in Asia, 8.5% in the Americas, 2.9% in Africa and 3.2% in 
Oceania[ 18-20]. Specifically in Brazil, about 1.3 billion coconuts were produced in 2013, producing about 1.5 kg of solid 
residue per fruit; in general, 80% of this biomass is discarded in the environment^ 1-24]. The decomposition of coconut 
generates methane, which is a major greenhouse gas [25-28]. Aiming reuse, the coconut husk can be processed to the 
condition of fiber, which is composed by cellulose, hemicellulose, lignin, pectin and various minerals [29-32]. This fiber can 
be used in the preparation of composites, such as bioplastics, natural adsorbents and raw materials for several processes[33- 
35]. Flow-based systems are an alternative to develop a new analytical procedure that focuses on the reduction of reagent 
consumption and waste [36,40]. Moreover, flow systems minimize the analyst intervention in chemical analysis, increase the 
number of samples that can be processed at a time and improves measurements precision[41-45]. Flow injection 
spectrophotometry has been proposed for determination of indigo carmine dye[8] but the use of coconut fibers as biosorbent 
for this dye has not been found in the literature. This study aimed the use of coconut fiber as a biosorbent for retention of the 
organic compound 5,5'-disulfonic indigotin (5,5 "-DI), a sulphonated species of Indigo blue dye (Fig. 1). The sorption process 
was carried out in a flow injection system aiming analyte separation and preconcentration before spectrophotometric 
determination. In addition, the appropriate conditions for the adsorption and the elution of the 5,5 "-DI were determined, as 
well as the mass of dye retained per mass of green coconut fiber, which can be used for an upscale project to be implemented 
to recover 5,5’-DI from industries wastewater. 
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Figure 1. Chemical structure of the reagent Indigo blue dye[12]. 


II. Experimental 


2.1 apparatus 

The flow system was constructed with a time-controlled sliding-bar injector-commutator (B352, Micronal, Brazil), an 
Ismatec IPC-8 peristaltic pump equipped with Tygon® tubes for fluid propelling at (1.2; 2.4; 3.0 and 3.9) mL min' 1 and 
polyethylene extension tubes with 0.8 mm i.d. An UV-vis spectrophotometer (Cary El Varian) with a 10-mm optical path 
(80 pL inner volume) quartz flow cell (Hellma) was employed for signal measurements. A SPE mini-column was lab-made 
by using polyethylene (2-mm diameter, 15-mm long) and it that was filled with bark of green coconut (0.0211-0.0695) g. 
Measurements of pH were performed with a Metrohm pH-meter Model 827 with a combined glass electrode with the 
Ag/AgCl reference electrode filled with 3 mol L 1 NaCl solution. Agitation of the mixtures was performed on an Incubator 
Shaker (Model AL-222-CF, American Lab) with controlled velocity and temperature. All cuvettes, glass and plastic vessels 
were washed with a 10% HN0 3 (v/v) solution followed by deionized water. 

2.2 REAGENTS AND SOLUTIONS 


All reagents and solvents were of analytical grade. Deionized water with conductivity >18 Mfl cm (Milli-Q) was used to 
prepare the solutions. Indigo blue dye ((3H-indole-3-one2-(l,3-dihydro-3-oxo-2H-indol-2ylidene)- 1,2-dihydro) is known in 
literature as Cl Vat Blue or D&C no. 6 and is used to dye natural and synthetic fibers. It is a blue crystalline solid with the 
molecular formula Ci 6 Hi 0 N 2 O 2 (262.27 g mol' 1 ), CAS Number 482-89-3 and a melting point within 300 and 303°C. 


Table 1 

Physical and chemical properties of 5,5 -PI and indigo blue. 


Property 


5,5 -PI 


Indigo blue 


Commercial name 
Alternative name 

Empirical Formula £ 


Indigo carmine 

5,5'-Indigodisulfonic acid sodium salt 
or indigotine 

c 16 h 8 n 2 o 8 s 2 


Indigo blue 

3H-indole-3-one2-(l,3-dihydro-3-oxo- 
2H-indol-2ylidene)- 1 ,2-dihydro 

C 16 H 10 N 2 O 2 


Molecular structure 


Molecular weight (g mol' 1 / 

Solubility in water (g L' 1 ), 298 K a 
Melting point (K) 

CAS number 

Appearance 

Biodegradability 

Nature 

a Taken from the manufacturer. 



466.36 

10 

>573 

860-22-0 


Dark blue to violet powder 
Biodegradable 
Acid dye 


Dark blue powder 
Not readily biodegradable 
Vat dye 
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Table 2. Physicochemical properties of green coconut adsorbent[ 34, 46]. 


Physicochemical Property 

Green Coconut 

Cellulose (%) 

23-43 

Hemicellulose (%) 

3-12 

Lignin (%) 

35-45 

Electrical conductivity (dS m' 1 ) 

1.8 

Average diameter (pm) 

157 

Relationship (C/N) 

132 

Specific area (m 2 g' 1 ) 

362 

Dry / Wet density (g cm' 3 ) 

1.15-1.45 


The 5,5'-disulfonic indigotin solution (FD&C Blue No. 2) was prepared as previously described[46]: 1.05 g of the Indigo 
blue dye (Sigma Aldrich) was added to 35 mL of concentrated H 2 S0 4 while stirring. The temperature was kept at 80°C and 
after cooling, the solution was diluted to 1000 mL with deionized water. Reference solutions were prepared in the range 1.50 
x ICE 7 a 7.52 x 1CT 5 mol L" 1 , at pH 2, by dilution of a 5.19 x 10' 3 mol L 1 stock solution. To analyze the dye adsorption in 
different pH"s values, sodium hydroxide 1,0 mol L 1 was added to the stock solution until the aimed pH value was reached. 
Some of properties of 5,5"-disulfonic indigotin (5,5 "-DI) and Indigo Blue are given in Table 1. The wastewater samples were 
from a textile industry. Samples were sulfonated in the same conditions as in the preparation of 5,5 ’-DI solution. The 
coconuts were grown in Paraiba-Brazil and purchased at the local market in Santo Andre-Brazil). The fruits were washed, 
drilled to remove the water and then cut to remove the pulp. The bark was first ground in a toothed roller mill and then 
shredded in a hammer mill before placing in an oven at 378 K for at 6 h. Some physicochemical parameters of the obtained 
material are shown in Table 2. The effect of washing the coconut fiber was evaluated by placing 100 mg samples separately 
in contact with 10 mL of 40 g L 1 albumin, 0.1 mol L 1 NaOH and 0.1 mol L 1 HN0 3 solutions under constant agitation for 24 
hours [46,47]. 

2.3 FLOW DIAGRAM AND PROCEDURE 

The diagram of the FIA-SPE system is shown in Fig. 2. The resting times of the sliding-bar commutator in the loading and 
elution positions were both set at 60s. In the position shown, sample or 5,5’-DI reference solutions (3.74 x ICE 5 mol L' 1 ) were 
pumped through the mini-column - the dye was adsorbed by the fiber and the remaining solution was discharged to waste. 
When the commutator was switched to the elution mode, 1.0 mol L' 1 HC1 solution percolated the column and the eluate was 
carried towards the flow cell for spectrophotometric measurements at 612 nm, which is the 5,5 "-DI absorption 
maximun[46,47]. Measurements were based on peak height and taken in triplicate. 



Figure 2. Flow diagram of the system for 5,5-DI determination. I: sliding-bar injector, S: sample (2.4 mL min' 1 ), 
E: eluent (3.0 mL min" 1 ), col: mini-column (2-mm diameter, 15-mm long, filled with green coconut fiber), D: 
spectrophotometer (612 nm) and W: waste. 
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3.1 SYSTEM OPTIMIZATION 


III. Results and Discussions 


Chemical and flow variables were investigated aiming at better sensitivity and repeatability, including sorbent mass, eluent 
type and its concentration and flow rate, loading and elution times and sample flow rate. The amount of the solid coconut 
fiber is a very important parameter for the adsorption of 5,5 "-DI and two different masses of adsorbent were evaluated with 
the FIA-SPE system (Fig. 3). With the initial mass of 0.0695 g, perturbations by Schlieren effect[48-50] were evidenced (Fig. 
3a). This is due to the change of the acid concentration when the column is inserted into the eluent and may affect precision 
and accuracy of the measurements. For the mass of 0.0211 g, this effect was not observed, because the column was shorter 
(25 mm, instead of 75 mm) then resulting in lower dead volume (Fig. 3b). Therefore, a column with 0.0211 g of coconut was 
used in further studies. Nitric and hydrochloric acids (1.0 mol L' 1 ) were evaluated for elution of 5,5’-DI retained in the 
column, with different retention (30 and 60)s and elution (10 to 60)s times. Elution was more efficient with HC1 in all 
retention and elution times studied, and therefore it was recommended for the subsequent experiments. The effect of eluent 
concentration is shown in Fig. 4. 




Time (min) Time (min) 


Figure 3. EFFECT OF THE COCONUT FIBER MASS IN THE MINI-COLUMN: (a) 0.0695 g and (b) 0.0211 g using 5,5 - 

DI solution 3.76 x 10' 5 mol L" 1 . 


0.40 



Figure 4. Influence of the eluent pH on the absorbance. 

It was observed that at pH 1 defines the borderline between two different phenomena. In pH values higher than 1.0 the 
elution is not so effective, and the readings of absorbance were attributed mainly to the interstitial solution. From 0.1 mol L" 1 , 
higher HC1 concentrations yielded better elution. However, as an increase of 10 times on the concentration led to only 9.4% 
increase on the absorbance readings, 0.1 mol L 1 was selected as eluent to minimize reagent consumption. This same 
phenomena was observed in literature [51-53]. Elution efficiency increased with the flow-rate (Fig. 5), which indicates that 
the process is fast and the result is a consequence of a narrow zone obtained with higher flow-rates. As an increase of from 
3.0 mL min' 1 to 3.9 mL min' 1 resulted in an only 8.7% higher absorbance reading, the former value was selected for further 
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experiments. The loading time and sample flow-rate define the amount of 5,5’-DI that flow through the column. Three 
preconcentration times were studied, (20, 30 and 40)s, leading to (120, 89 and 72) measures per hour, respectively. Since 
there was no more than 3% variation between the three times analyzed, which indicates the saturation of the column, the 
lower was recommended since it would imply in a higher sample rate (120 samples processed per hour), without affecting 
the dye adsorption. 



Flow rate (mL/min) 


Figure 5. Effect of the flow-rates of the eluent HCL o. i mol l 1 . 

To study the elution time, for three minutes the system was kept in the preconcentration mode, to ensure that the coconut 
fiber sites of adsorption were absolutely saturated. After that, elution with 0.1 mol L' 1 HC1 was carried out for 4 min with 
simultaneous absorbance reading. It was observed that elution occurred during the first 15s, which was the elution time 
recommended (sampling rate 104 h' 1 ). Three different sample flow rates were studied. It was observed that the absorbance 
readings increased linearly with the flow-rates (Fig. 6), because of the higher analyte mass flowing to the column. This also 
means that the column was not completely saturated at the higher sample flow-rates. Therefore, the 3.9 mL min' 1 , which was 
the higher flow rate studied, was recommended. 



Figure 6. Effect sample flow rate on the absorbance signal 
3.2 ANALYTICAL FEATURES 

The flow system was submitted to a repeatability study for 30 complete preconcentration and elution cycles, yielding a 
coefficient of variation of 2.03%, without significant baseline drift. This is an indicative of the long-term stability of the flow 
system. The sampling rate was estimated at 101 samples per hour. Under optimized conditions and with a 20 s loading time, 
a linear response range was observed in the 1.50 x 10' 7 mol L 1 to 7.52 x 10' 5 mol L 1 range, described by the equation 
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A = 9314 x [5,5'-DI] + 0.0032 (r 2 = 0.999), in which A corresponds to the absorbance and C is the molar 5,5’-DI 
concentration. The detection limit was estimated at 3.76 x 10‘ 8 mol L" 1 . From the results obtained without SPE, an 
enrichment factor of 1.64 was estimated. This value can be considered low in comparison with the results usually obtained in 
FIA-SPE - usually enrichment factors around 4 are achieved[48-50]. This is due to the mass of the coconut fiber and the 
relatively low loading time. Most studies are realized with adsorbent masses of around 0.1 g, which result in higher sample 
amounts adsorbed, and thus higher absorbance readings. With the calibration curve it’s also possible to determine the mass of 
5,5 '-DI retained per mass of coconut fiber, which can be used for an upscale project of an industrial treatment column. The 
mass of dye retained and then eluted is 368 \ig of 5,5 '-DI per gram of coconut fiber. That means that 61% of the dye was 
recovered. The breakthrough volume is an important flow parameter that represents the maximum sample volume that can be 
adsorbed in the minicolumn without hindering of the analyte retention[54]. In other words, it allows a theoretical recovery of 
100%. The breakthrough volume was estimated as (1.87 ± 0.02) mL by graphic analysis of the FIAgram. The effect of pH on 
dye samples was studied aiming to know if it’s possible to realize readings and analyses without pH adjustment. 3.76 x 10‘ 5 
mol L' 1 5,5 '-DI samples in pH's values ranging from 1 to 12 were submitted in the flow system. It was observed that system 
behaved similarly with samples with pH values ranging from 2 to 9 (Table 3). For pH 12 the behavior was completely 
different, and it can be explained by the change of the dye’s color to green at about pH 1 1.5. 


Table 3 

Influence of pH values on dye samples absorption ([5,5 -pi] =3.76 x 10 5 mol L 1 ). 


pH 

Reading in 612 nm 

Absorbance in the flow cell 

Relative Absorbance 

2 

0.701 

0.3234 ± 0.0006 

0.4613 ±0.0008 

5 

0.734 

0.356 ±0.001 

0.485 ± 0.002 

7 

0.728 

0.369 ± 0.003 

0.507 ± 0.004 

9 

0.731 

0.371 ±0.007 

0.507 ± 0.009 

12 

0.068 

0.0539 ± 0.0003 

0.793 ± 0.005 


In order to study the effect of the fiber washing, three minicolumns were prepared with coconut fiber washed with nitric acid, 
sodium hydroxide and albumin. The results are presented in Table 3. Washing with nitric acid did not affect fiber 
adsorptivity. On the other hand, sodium hydroxide presented an increase of 11.7% in absorbance reading compared to the 
natural fiber. Albumin presented an even higher increase of absorbance reading (18.7%). In the case of albumin, the dye 
mass retained and then eluted is 437 |Ltg of Indigo per gram of coconut fiber. That means that 72% of the Indigo is recovered, 
compared to the 61% obtained when fiber is not washed. Finally, wastewater from textile industry was studied. While on the 
conditions analyzed before it was possible to retain 437 jag of Indigo per gram of coconut fiber, in the sulfonated wastewater 
it was possible to obtain 453 jag of Indigo from sulfonated wastewater per gram of coconut fiber, therefore there was a gain 
of 3.7% when compared to analytical samples and a recovery of 75% of the Indigo in the sample. This result show that it 
might be possible to adapt the FIA system presented in this study to wastewater recovery, which should be studied in further 
researches. 


IV. Conclusion 

The FIA-SPE method[55] developed and described in this paper provides a simple and efficient procedure for the 
preconcentration and determination of indigo blue. The lowest 5,5 '-DI concentration analyzed was 3.76 x ICE 8 mol L" 1 . It 
was possible to achieve a sampling rate of 101 samples per hour with a relative standard deviation of 2.03%. In the 
wastewater analysis, from textile industry, it was possible to recover 75% of 5,5 '-DI. There is also a potential to apply this 
kind of retrieval in textile industries that use dyes with similar physicochemical characteristics, such as Indigo Blue, in jeans 
industry. This kind of process could be an alternative to biological treatment, which is also often applied to the wastewater 
treatment^ 1,42]. 
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